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Apiaceae subfamily Apioideae is characterised by intra-
and interfloral dichogamy. There are two distinct pat-
terns: multicycle protandry and multicycle protogyny.
Protogyny is almost completely restricted to New World
genera. We determined the form of floral dichogamy for
198 species representing 36 of the 49 genera of
Apioideae native to North America north of Mexico. We
also examined variation in sex expression (proportions
of perfect and staminate flowers) within and among
plants in populations of 16 species. The form of
dichogamy was constant among congeners, with the
exception of a few adichogamous selfers. The 17
protandrous genera included 11 native to both the Old
and New Worlds and six endemic to the Americas. The
protandrous genera were characterised by white flow-
ers, the presence of stylopodia, decreasing proportions
of staminate flowers in sequentially blooming umbels,
wetter habitats, later flowering times, and eastern or
transcontinental distributions. The 19 protogynous gen-
era were all New World endemics characterised by
mostly yellow or purple flowers, the absence of sty-
lopodia, increasing proportions of staminate flowers in
sequentially blooming umbels, drier habitats, earlier
flowering times, and western distributions. The transi-
tion from protandry to protogyny probably occurred in
the late Pliocene, coincident with adaptation to newly
forming dry grassland and cold desert habitats. The
evolutionary forces involved may have included selec-
tion for reproductive assurance, pollinator specialisa-
tion, or both. The distinctive patterns of within plant
variation in sex expression associated with protandrous
and protogynous apioids probably evolved in response
to floral dichogamy.
The characteristic leaves, inflorescences and fruits of apioid
umbellifers (Apiaceae subfamily Apioideae), as well as the
utility of many species, contributed to very early formal
recognition of this well-known taxonomic group (Constance
1971). Apioideae inspired Morison’s Plantarum
Umbelliferarum Distributio Nova, one of the first mono-
graphic works (Hedge 1973), and recent molecular phyloge-
netic studies have confirmed that this ‘natural’ group is
indeed monophyletic (Judd et al. 1994, Plunkett et al. 1996,
Downie et al. 1998, Downie et al. 2000, Downie et al. 2001).
The relative uniformity of apioid floral biology extends well
beyond the morphology of inflorescences, flowers and fruits.
Other broadly characteristic reproductive traits include self-
compatibility, andromonoecy, intra- and inter-floral
dichogamy (sensu Lloyd and Webb 1986), and variation in
sex expression among the sequentially blooming orders of
umbels borne by individual plants (Bell 1971, Koul et al.
1993, Schlessman and Graceffa 2001).
Dichogamy in apioid umbellifers occurs at three structural
levels: (1) within perfect flowers (intrafloral), and both (2)
within and (3) among sequentially blooming umbels (inter-
floral). In many species, the perfect flowers are protandrous
and all flowers within an umbel mature in relative synchrony,
such that both perfect and staminate flowers release pollen
before the stigmas of perfect flowers become receptive. The
different orders of umbels (first order, primary or terminal;
second order, secondary or lateral; third order, tertiary or
sublateral; etc.) mature sequentially, giving repeated cycles
of protandry (Müller 1883, Knuth 1908, Bell 1971, Webb
1981, Lovett Doust and Lovett Doust 1982, Koul et al. 1993).
Following Lloyd and Webb (1986), Schlessman et al. (1990)
have described this particular pattern of intra- and interfloral
dichogamy as multicycle protandry. Multicycle protandry in
Apioideae was described by some of the earliest students of
floral biology (Müller 1883, Knuth 1908), and it appears to be
ubiquitous in Old World Apioideae.
In sharp contrast to those of the Old World, many New
World apioids exhibit inter- and intrafloral protogyny in a pat-
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tern that could be called multicycle protogyny (Foerste 1882,
Trelease 1882, Robertson 1888, 1892, Hardin 1929,
Schlessman 1978, 1982, Lindsey 1982, 1984, Webb 1984,
Lindsey and Bell 1985, Barrie and Schlessman 1987,
Schlessman and Graceffa 2001). For a number of years, we
have accumulated data on the systematic distributions of
protandry and protogyny in North American Apiaceae.
Although we have reported on our work (Barrie and
Schlessman 1987) and shared our data with others (e.g.
Bertin 1993, Bertin and Newman 1993), we have not yet
published. Our purposes here are to report on the systemat-
ic distributions of protandry and protogyny among Apioideae
native to North America (north of Mexico); to examine rela-
tionships among the forms of floral dichogamy, biogeogra-
phy, phylogeny, and other reproductive traits; and to consid-
er what those relationships suggest about the evolution of
dichogamy in Apioideae.
Material and Methods
Dichogamy
We determined the form of dichogamy by direct observa-
tions of plants in the field and herbarium specimens. In the
field, we examined flowers over the range of developmental
stages from bud to fruit. We scored perfect flowers as
protandrous if anthers matured, dehisced and senesced
before styles matured (reached maximum length) and stig-
mas appeared receptive (swollen and translucent). We
scored prefect flowers as protogynous if styles matured,
stigmas appeared receptive, and styles senesced before
anthers matured and dehisced. Informed by our field obser-
vations, we followed essentially the same protocol in the
herbarium. We examined herbarium specimens at Colorado
State University (CSU), Harvard University Herbaria (GH),
the New York Botanical Garden (NY), the University of
Montana (MONTU), the University of Texas at Austin (LL,
TEX), Vassar College (VAS), the University of Washington
(WTU), the University of Wyoming (RM), and Washington
State University (WS). When possible, we confirmed our
general observations by conducting more extensive investi-
gations of our own (e.g. Barrie 1981, Schlessman and
Graceffa 2001) and by consulting the literature.
Sex expression
Schlessman sampled populations of 14 apioid umbellifers
growing near the Rocky Mountain Biological Laboratory at
Gothic (38°57’29”N, 106°59’06”W, elevation 2 926m), which
is approximately 13km north of the town of Crested Butte in
Gunnison County, Colorado, USA. He examined inflores-
cences in the laboratory with under ample light and 2x to 10x
magnification. He scored flowers with well-developed
ovaries and styles as perfect and those lacking ovaries and
styles as staminate. In a similar manner, Barrie (1981) doc-
umented sex expression in several populations of two addi-
tional species.
For the 14 Rocky Mountain species, we sought to deter-
mine whether statistically significant variation in flower pro-
duction and sex expression occurred among umbel orders
within individual plants, as well as among individuals. We
used JMP™ (SAS Institute 1995) to perform analyses of
variance (ANOVAs) with two model effects, plant and umbel
order nested within plant. When determining statistical sig-
nificance, we applied the Bonferroni correction for multiple
tests of the same hypothesis (Rice 1989).
Other traits
When necessary, we consulted Mathias and Constance
(1944–1945), Pimenov and Leonov (1993), Kartesz (1994),
regional floras (e.g. Munz 1959, Hitchcock et al. 1961,
Fernald 1970, Gleason and Cronquist 1991, Cronquist et al.
1997), and other literature to determine the geographical
distributions, durations (annual or perennial), stylopodium
morphologies, and flower colours of species. We excluded
as non-native those taxa listed as adventive, only cultivated,
or escaped from cultivation in North America north of
Mexico. We scored the distributions of genera as falling pri-
marily east, primarily west, or more or less equally on both
sides of the 100th meridian (100°W longitude). The 100th
meridian is a convenient general dividing line between the
more humid eastern United States and the more arid west-
ern United States. Thus, our descriptions of the distributions
of species tended to correlate with our categorisations of
their habitats: dry, mesic (intermediate) or wet. We used
petal colour to describe the colours of flowers. We followed
Pimenov and Leonov (1993) for names of genera, Kartesz
(1994) for names of species, and Downie et al. (2001,
2003b, Downie, pers. comm.) for the placement of genera in
formally or informally recognised monophyletic groups.
Results
Dichogamy
We determined the form of dichogamy for 198 species rep-
resenting 36 genera, or 70% of the 282 native apioid
species, and 73% of the 49 native apioid genera for North
America north of Mexico (Appendix). Dichogamy was uni-
form within genera, except for the presence of adichogamy
in one species each of the otherwise protandrous genera
Osmorhiza and Ptilimnium. All 11 genera native to both the
New and Old Worlds were protandrous (Appendix part I). In
contrast, only six of the genera endemic to the New World
were protandrous, while 19 were protogynous (Appendix
part II).
Sex expression
We documented sex expression for nine protandrous
species, one putatively autogamous species, and six pro-
togynous species (Tables 1 and 2). The total number of flow-
ers per plant varied by two orders of magnitude, from 41 ± 8
in the diminutive, putatively autogamous Osmorhiza depau-
perata, to 8 749 ± 830 in Angelica ampla. In all species, the
total number of flowers decreased with umbel order (Tables
1–3).
The percentage of staminate flowers per plant also varied
widely among species, from 17 ± 3 in the protandrous
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Table 1: Sex expression of North American apioid species belonging to genera with the following characteristics: protandrous; perennial; sty-
lopodium present; petals white. Means ± standard errors, rounded to the nearest whole number
Species Reproductive unit (n) Total flowers Perfect flowers % Perfect Staminate flowers % Staminate
A. Native to both New and Old World
Angelica ampla 1° umbel (21) 2 020 ± 167 2 020 ± 167 100 0 0
2° umbel (85) 1 184 ± 57 935 ± 77 73 ± 5 249 ± 52 27 ± 5
3° umbel (111) 347 ± 20 0 0 347 ± 20 100
Plant (21) 8 749 ± 830 5 719 ± 638 67 ± 4 3 029 ± 458 33 ± 4
Cicuta douglasii 1° umbel (22) 640 ± 44 640 ± 44 100 0 0
2° umbel (74) 410 ± 19 410 ± 19 100 0 0
3° umbel (80) 137 ± 11 90 ± 6 73 ± 2 48 ± 6 27 ± 2
Plant (22) 2 518 ± 254 2 345 ± 202 95 ± 1 174 ± 58 5 ± 1
Conioseleum 1° umbel (29) 200 ± 13 255 ± 14 98 ± 1 5 ± 2 2 ± 1
scopulorum 2° umbel (35) 200 ± 18 142 ± 19 64 ± 5 58 ± 8 36 ± 5
3° umbel (3) 70 ± 4 4 ± 4 5 ± 5 66 ± 3 95 ± 5
Plant (27) 570 ± 42 476 ± 40 83 ± 3 95 ± 15 17 ± 3
Heracleum aximum 1° umbel (22) 840 ± 27 827 ± 28 98 ± 1 12 ± 7 2 ± 1
2° umbel (61) 609 ± 16 446 ± 26 72 ± 3 163 ± 20 28 ± 3
3° umbel (6) 613 ± 29 290 ± 82 48 ± 14 323 ± 88 52 ± 14
Plant (22) 2 962 ± 129 2 354 ± 185 79 ± 4 608 ± 102 21 ± 4
Ligusticum porteri 1° umbel (20) 176 ± 11 157 ± 12 86 ± 4 19 ± 3 14 ± 4
2° umbel (60) 128 ± 4 65 ± 4 50 ± 3 63 ± 3 50 ± 3
3° umbel (23) 136 ± 7 66 ± 6 48 ± 4 70 ± 6 52 ± 4
4 ° umbel (7) 70 ± 17 19 ± 13 15 ± 10 51 ± 9 85 ± 10
Plant (20) 747 ± 46 437 ± 33 60 ± 3 310 ± 33 40 ± 3
Sium suave 1° umbel (21) 95 ± 5 93 ± 5 97 ± 2 3 ± 2 3 ± 2
2° umbel (47) 91 ± 5 71 ± 8 72 ± 6 20 ± 4 28 ± 6
3° umbel (41) 53 ± 4 27 ± 6 39 ± 8 26 ± 4 61 ± 8
4° umbel (18) 25 ± 3 0 0 25 ± 3 100
Plant (21) 446 ± 62 318 ± 54 70 ± 5 127 ± 22 30 ± 5
Osmorhiza depauperata 1° umbel (20) 17 ± 2 11 ± 1 70 ± 4 6 ± 1 30 ± 4
(autogamous?) 2° umbel (17) 14 ± 2 10 ± 1 76 ± 4 5 ± 1 24 ± 4
3° umbel (6) 19 ± 2 10 ± 1 55 ± 3 9 ± 1 45 ± 3
4° umbel (3) 28 ± 6 14 ± 4 49 ± 5 14 ± 3 51 ± 5
Plant (20) 41 ± 8 26 ± 4 71 ± 4 16 ± 4 29 ± 4
Osmorhiza occidentalis 1° umbel (23) 145 ± 0 12 ± 3 9 ± 2 133 ± 10 91 ± 2
2° umbel (83) 102 ± 3 28 ± 2 27 ± 1 74 ± 3 73 ± 2
3° umbel (4) 48 ± 13 11 ± 4 23 ± 5 37 ± 10 77 ± 5
Plant (23) 517 ± 32 117 ± 3 22 ± 2 401 ± 26 78 ± 2
B. Endemic to North America
Oxypolis fendleri 1° umbel (20) 68 ± 3 43 ± 4 62 ± 4 25 ± 3 38 ± 4
2° umbel (20) 63 ± 3 23 ± 3 34 ± 3 39 ± 2 66 ± 3
3° umbel (11) 53 ± 11 12 ± 6 16 ± 7 41 ± 7 84 ± 7
Plant (20) 188 ± 14 84 ± 12 41 ± 3 101 ± 6 59 ± 3
Perideridia gairdneri* 1° umbel (13) 169 ± 13 91 ± 11 52 ± 4 78 46
2° umbel (10) 80 0 100 80 100
3° umbel (1) 63 0 100 63 100
Plant (13) 259 ± 25 93 36 ± 4 165 64
* Magpie Hill 1 population (Barrie 1981)
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species Conioselenum scopulorum, to 87 ± 1 in the protog-
ynous species Lomatium dissectum. The protandrous
species tended to have lower percentages of staminate flow-
ers than the protogynous species. Only one of the nine
protandrous species, Osmorhiza occidentalis (78 ± 2%),
approached the ‘remarkably constant’ 80% staminate flow-
ers reported by Lovett-Doust (1980) for the three protan-
drous species Anthriscus sylvestris, Pastinaca sativa and
Smyrnium olusatrum.
The percentage of staminate flowers per umbel increased
with umbel order in protandrous species, but decreased with
umbel order in protogynous species (Tables 1 and 2). The
nested ANOVAs showed that even when the substantial
variation among individual plants was taken into account,
this variation in sex expression among umbel orders within
plants was statistically significant (Table 3). This result illus-
trates that variation in sex expression among the sequential
blooming umbels of individual plants is an important aspect
of apioid reproductive biology.
Other traits
It is instructive to divide the genera into three groups: protan-
drous, native to both New and Old Worlds; protandrous,
endemic to New World; and protogynous, endemic to New
World. Because the monophyly of many genera was in
question and the phylogenetic relationships among them
were unclear, we deliberately avoided quantitative scoring of
distributions, habitats, flowering times, etc., and statistical
analyses of differences among the three groups of genera.
The 11 protandrous genera native to both the New and
Old Worlds are all perennials with white petals, and all are
distributed either primarily east or both east and west of the
100th meridian (Table 4). Excluding Bifora and Glehnia, these
genera occur mostly in moister (mesic and wet) environ-
ments. Flowering times tend to be relatively late, with only
two genera initiating flowering earlier than May. According to
Mathias and Constance (1944–1945) stylopodia are present
in all of these genera except Glehnia. This group of 11 gen-
era and 62 species constitutes 22% of the native genera and
22% of the native species of Apioideae in North America
north of Mexico.
The six protandrous genera endemic to the New World are
similar to the other protandrous genera in that all but one are
monomorphic for white petals, all occur primarily to the east
or more or less equally on both sides of the 100th meridian,
most initiate flowering in May or later, and all have stylopo-
dia (Table 5). However, only two of these genera are peren-
nial and the other four are annuals. This group of six genera
and 38 species constitutes 12% of the native genera and
Table 2: Sex expression of North American apioid species belonging to genera with the following characteristics: protogynous; endemic to
New World; stylopodium absent (except Podistera); perennial; petals yellow, purple or white. Means ± standard errors, rounded to the near-
est whole number
Species Reproductive unit (n) Total flowers Perfect flowers % Perfect Staminate flowers % Staminate
Lomatium dissectum 1° umbel (20) 345 ± 20 9 ± 3 3 ± 1 336 ± 2 97 ± 1
2° umbel (17) 210 ± 19 78 ± 7 39 ± 2 132 ± 15 61 ± 2
Plant (20) 523 ± 40 75 ± 9 13 ± 1 448 ± 3 87 ± 1
Lomatium grayi* 1° umbel (17) 286 0 0 286 100
2° umbel (15) 249 129 52 ± 4 120 48
3° umbel (5) 285 205 72 ± 5 80 28
Plant (17) 1 335 ± 285 387 29 ± 5 948 71
Lomatium simplex 1° umbel (20) 185 ± 22 13 ± 3 8 ± 2 172 ± 21 92 ± 2
2° umbel (20) 128 ± 17 70 ± 10 58 ± 6 58 ± 12 42 ± 6
3° umbel (2) 101 ± 34 76 ± 31 73 ± 6 25 ± 3 27 ± 6
Plant (20) 325 ± 37 91 ± 14 27 ± 2 233 ± 25 73 ± 2
Oreoxis alpina 1° umbel (20) 10 ± 0 8 ± 1 75 ± 5 2 ± 0 25 ± 5
2° umbel (12) 11 ± 1 8 ± 1 78 ± 3 2 ± 0 22 ± 3
3° umbel (4) 7 ± 2 5 ± 2 73 ± 12 2 ± 1 27 ± 12
Plant (20) 21 ± 3 16 ± 2 78 ± 3 5 ± 1 22 ± 3
Podistera eastwoodae 1° umbel (34) 45 ± 3 14 ± 2 29 ± 4 31 ± 3 71 ± 4
2° umbel (31) 45 ± 4 30 ± 3 70 ± 3 14 ± 2 30 ± 3
3° umbel (10) 34 ± 7 25 ± 5 76 ± 3 9 ± 2 24 ± 3
4° umbel (3) 20 ± 2 18 ± 2 88 ± 2 2 ± 0 12 ± 2
Plant (21) 158 ± 20 82 ± 12 50 ± 3 76 ± 9 50 ± 3
Pseudocymopterus 1° umbel (43) 176 ± 11 19 ± 5 9 ± 2 156 ± 9 91 ± 2
montanus 2° umbel (50) 133 ± 7 53 ± 3 41 ± 2 79 ± 5 59 ± 2
3° umbel (6) 65 ± 16 32 ± 7 50 ± 5 34 ± 9 48 ± 5
Plant (43) 329 ± 17 86 ± 9 25 ± 2 243 ± 11 75 ± 2
* Population 1 (Barrie 1981)
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13% of the native species of Apioideae in North America
north of Mexico.
The 19 protogynous genera are all perennial New World
endemics. As a group, these genera differ substantially from
the protandrous ones (Table 6). In all except Podistera, the
stylopodium is lacking or only very poorly developed
(Mathias and Constance 1944–1945, Cronquist et al. 1997).
Yellow, rather than white, is the predominant petal color.
White flowers are not found at all in 11 of the 19 genera, and
only two very small genera, Erigenia and Orogenia, are
monomorphic for white flowers. The distributions of 14 gen-
era are entirely or primarily west of the 100th meridian, and
the other four are primarily east of it. None of the genera are
distributed more or less equally to the east and west. Eleven
genera occur only in dry environments, with the remaining
eight ranging from dry to mesic. None of the protogynous
genera inhabit wet environments. This group of 19 genera
and 182 species constitutes 39% of the native genera and
65% of the native species of Apioideae in North America
north of Mexico. Two endemic genera, Lomatium (77 spp.)
and Cymopterus (36 spp.), include 40% of the native
species.
Discussion
Floral protandry is common in Apiaceae and also character-
istic of the closely related Araliaceae (Schlessman et al.
1990, Bertin and Newman 1993, Koul et al. 1993). Indeed,
to our knowledge protogyny is unknown in araliads. Recent
molecular phylogenetic studies indicate that the two tradi-
tional families of the Araliales comprise four major clades,
with the ‘core Apiaceae’, which includes a monophyletic
Apioideae, derived either from araliads or from part of an
unresolved group that includes the araliad clades (Plunkett
et al. 1997, Plunkett and Lowry 2001, Plunkett et al. 2003).
Therefore we believe that for Apioideae, protandry is ances-
tral and protogyny is derived.
Protogyny in Apioideae is almost exclusively confined to
New World endemics. To our knowledge, all but four of the
apioid species for which protogyny has been observed and
reported are listed here in Appendix part III. The four others
are, Myrrhidendron donnellsmithii, native to Central America
(Webb 1984); and Echinophora spinosa (Knuth 1908),
Peucedanum carvifolia (Reduron and Nigaud 1987), and
Pimpinella integerrima (Robertson 1888) all native to the Old
Table 3: Summary of nested ANOVAs to assess the relative importance of variation among individual plants and among umbel orders (nest-
ed within plants) in total numbers of flowers per umbel and the percentage of staminate flowers per umbel. The data used for these analyses
are summarized in Tables 4 and 5 (Some of the samples in those tables were not suitable for ANOVA, see Materials and Methods.) F’s round-
ed to the nearest whole number, * = P < 0.001
Total flowers % Staminate flowers
Model Plant Umbel order Model Plant Umbel order
F P F P F P F P F P F P
Protandrous
Angelica ampla 16 * 4 * 21 * 458 * 74 * 620 *
Cicuta douglasii 14 * 5 * 17 * 13 * 1 0.1396 16 *
Conioselenum scopulorum 7 * 4 * 7 * 23 * 8 * 34 *
Heracleum maximum 9 * 3 0.0011 12 * 23 * 12 * 23 *
Ligusticum porteri 18 * 29 * 14 * 21 * 25 * 19 *
Osmorhiza occidentalis 6 * 5 * 7 * 8 * 6 * 8 *
Oxypolis fendleri 3 * 4 * 2 * 4 * 5 * 13 *
Sium suave 7 * 2 0.0140 8 * 25 * 8 * 30 *
Protogynous
Podistera eastwoodae 4 * 4 * 4 * 3 * 1 0.2203 4.5 *
Pseudo-cymopterus montanus 1 0.5529 1 0.5856 1 0.5006 15 * 10 * 19 *
Table 4: Distributions (with respect to 100° W longitude), habitats and flowering times, in North America north of Mexico, for apioid genera
with the following characteristics: native to New and Old Worlds; perennial; protandrous; petals white; stylopodium present (except Glehnia)
Genus Distribution Habitat Flowering
Angelica east and west mesic–wet June–September
Glehnia west dry June–July
Berula (east) and west wet May–November
Cicuta east and west wet May–October
Conioselenum east and west mesic July–September
Cryptotaenia east wet May–August
Ligusticum east and west dry–wet May–August
Sium east and west wet June–August
Bifora east dry March–June
Osmorhiza east and west mesic–wet April–August
Heracleum east and west mesic–wet May–August
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World. If all of these reports are correct, protogyny occurs in
at least three different apioid clades: the Mesoamerican
‘Arracacia’ clade for M. donnellsmithii, the Echinoporeae for
E. spinosa, the ‘Pimpinella clade’ for P. integerrima and the
‘Angelica’ clade for all of the North American endemics
except Erigenia bulbosa (Downie et al. 2001, 2003b). The
phylogenetic positions of the monotypic North American
genus Erigenia, and the large Old World genus
Peucedanum are uncertain. Thus, protogyny may have
been derived from protandry in at least three and perhaps as
many as five different lineages. However, it is only in west-
ern North America that the transition from protandry to pro-
togyny is associated with a profusion of protogynous
species. Although the protogynous North American
endemics form a weakly supported monophyletic group
within the ‘Angelica’ clade, it is clear that many of the cur-
rently recognised genera, including Cymopterus and
Lomatium, are polyphyletic (Downie et al. 2003a, 2003b).
The geographic distributions of the protogynous North
American apioids coincide almost exactly with a major cen-
ter of species diversity for Apiaceae in Pacific Northwest
North America (Mathias 1965). Two protogynous genera,
Cymopterus (36 spp.) and Lomatium (77 spp.) account for
over half of this species diversity. Mathias (1965) proposed
that in the late Pliocene, some elements of wide-ranging api-
oid groups adapted to grasslands and desert borders as
these drier habitats developed. It is likely that the transition
from protandry to protogyny coincided with this episode of
rapid speciation and adaptation to new habitats. Our chal-
lenge is to elucidate the evolutionary mechanisms of this
shift. Here we consider several hypotheses.
The first hypothesis is derived from a widely held view that
protogyny offers more reproductive assurance than
protandry (Cruden 1976, Lloyd and Webb 1986, Bertin and
Newman 1993). If protogynous flowers are not cross-polli-
nated, stigmas may remain receptive until anthers dehisce
and self-pollination (autogamy) occurs. This sort of repro-
ductive assurance is less likely to occur in protandrous flow-
ers, because stigmas are not receptive until after anthers
have dehisced, so if cross-pollination fails there is little
opportunity for autogamy unless some viable pollen remains
in the dehisced anthers. The reproductive assurance afford-
Table 5: Distributions (with respect to 100° W longitude), habitats and flowering times, in North America north of Mexico, for apioid genera
with the following characteristics: endemic to New World; protandrous; stylopodium present
Genus (Tribe) Distribution Habitat Flowering Petals
A. Annual
Daucosoma east mesic–wet May–August white
Eurytaenia east and west mesic May–July white
Limnosciadium east wet April–June white
Ptilimnium east mesic–wet May–September white
Trepocarpus east wet April–June white
B. Perennial
Perideridia east and west mesic–wet April–September white
Oxypolis east and west wet July–November white or purple
Table 6: Distributions (with respect to 100° W longitude), habitats and flowering times, in North America north of Mexico, for apioid genera
with the following characteristics: endemic to New World; perennial; protogynous; stylopodium absent (except present in Podistera)
Genus Distribution Habitat Flowering Petals
Cymopterus west dry March–July white, yellow or purple
Pseudocymopterus west dry May–August yellow or purple
Aletes west dry April–August yellow
Harbouria west dry–mesic June–July yellow
Neoparrya west dry July yellow
Oreoxis west dry July–August white or yellow
Podistera west mesic July–September yellow or purple
Pteryxia west dry April–July yellow or purple
Shoshonea west dry May–July yellow
Thaspium east mesic April–July yellow or purple
Zizia east and west mesic–wet April–June yellow
Lomatium west dry–mesic February–June white, yellow or purple
Polytaenia east dry–mesic April–July yellow
Erigenia east dry–mesic February–May white
Musineon west dry April–June white or yellow
Oreonana west dry June–July white or purple
Orogenia west dry–mesic April–August white
Taenidia east dry May–July yellow
Tauschia west dry March–July white, yellow or purple
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ed by protogyny could be important for adaptation to a short,
early flowering season in which pollinators are, initially at
least, scarce or relatively inactive. Schlessman (1982) doc-
umented substantial variation among and within populations
in the amounts of cross- (xenogamous) pollen deposited on
stigmas of several species of Lomatium, and similar varia-
tion was found in Thaspium and Zizia (Lindsey 1982), and
Pseudocymopterus (Schlessman et al. 2004). We note also
that the mixed mating system facilitated by protogyny would
favor rapid speciation and adaptive radiation because, after
long-distance dispersal, a few surviving founders might
effect population growth via self-pollination.
The second hypothesis is that protogyny arose via spe-
cialisation for pollination (Webb 1984, Lindsey and Bell
1985). More specifically, early maturation of the styles would
have allowed pollination to occur when the still immature
stamens and petals formed a short floral tube. Lindsey and
Bell (1985) showed that the floral tubes of Thaspium and
Zizia facilitated an oligolectic relationship with the short-
tongued solitary bee Andrena ziziae. This sort of ‘cryptic
specialisation’, in which nectar-seeking small bees are more
effective pollinators than pollen-seeking flies, might help to
explain the prevalence of yellow flowers in protogynous api-
oids.
The remaining hypotheses are essentially alternative
explanations for the strong associations between forms of
floral dichogamy and patterns of within-plant sex expression
in Apioideae. As we have seen here, in protandrous taxa the
proportion of staminate flowers in primary umbels is low, and
it increases with umbel order. This pattern has been long
recognised and frequently remarked upon (Müller 1883,
Knuth 1908, Bell 1971, Webb 1981, Koul et al. 1993). Here
we have also seen that protogynous taxa exhibit a distinctly
contrasting pattern in which the proportion of staminate flow-
ers is high in primary umbels and decreases with umbel
order. This pattern has been found in every protogynous
umbellifer studied (Bell 1971, Bell and Lindsey 1978,
Schlessman 1978, 1982, Lindsey 1982, Webb 1984). The
question is whether dichogamy is a consequence or a cause
of within-plant variation in sex expression.
Perhaps the earliest proponent of the first view was Müller
(1883), who stated that the staminate flowers in higher order
umbels of protandrous apioids ‘served’ the perfect flowers in
lower order umbels by providing pollen. A more recent ver-
sion of this alternative is that the deployment of ovules (per-
fect flowers) by individual plants tracks the abundance and
activity of pollinators (Schlessman 1978, 1982, Thompson
1989). Under this view, the peaks of perfect flower produc-
tion by earlier flowering protogynous taxa and later flowering
protandrous taxa should coincide with the general seasonal
peak of pollinator abundance and activity, and thus with
each other. This hypothesis could be tested by looking for
variation in levels of cross-pollination among orders of
umbels, and also by moving individual umbels or entire
plants into populations with differing phenologies of flower-
ing. Schlessman et al. (2004) examined xenogamous stig-
matic pollen loads in two populations of the protogynous api-
oid Pseudocymopterus montanus. For this species, the pre-
diction was that stigmas from primary umbels would receive
less cross-pollen than those in secondary umbels. The pre-
diction held for one population but not the other.
An alternative explanation for the within plant variation in
sex expression is variation in the availability of reproductive
resources. This hypothesis rests on two assumptions. The
first assumption is that the availability of a limiting reproduc-
tive resource (photosynthate, water, etc.) increases over
time for early flowering protogynous taxa and decreases
over time for later flowering protandrous taxa. Since varia-
tion in resource availability per se will not affect sex alloca-
tion, it is also necessary to assume that the relationships
between resource allocation and fitness (fitness gain curves)
differ for male and female reproductive function (Brunet and
Charlesworth 1995). Some interesting data that bear on this
hypothesis come from studies of floral herbivory. Hendrix
(1984) showed that Heracleum plants that suffered floral
herbivory and matured few fruits in their primary umbels pro-
duced more perfect flowers and fruits in higher order umbels
than plants that did not suffer herbivory. These results sug-
gest that Heracleum is capable of adjusting sex expression
in order to maximise the number of fruits produced with a
given amount of a limiting reproductive resource.
Lastly, Pellmyr (1987) proposed that within plant variation
in sex allocation is a consequence, rather than a cause of
floral dichogamy. He argued that by affecting the relative
amounts of pollen and receptive stigmas available over time,
dichogamy would not only promote variation in sex expres-
sion among sequentially blooming flowers or inflorescences
on individual plants, but also actually ‘destabilise’ hermaph-
roditism and favor the evolution of dicliny. He predicted that
protandry would favour maleness in later-blooming flowers,
while protogyny would favour maleness in early-blooming
flowers. In the context of Apioideae, given floral protandry,
perfect flowers in higher order umbels would probably expe-
rience inadequate pollination and be selected against, while
flowers in the higher order umbels would adequately polli-
nate perfect flowers in lower order umbels. Given floral pro-
togyny, perfect flowers in lower order umbels would be
selected against and those in higher order umbels would be
favoured. Of course, these associations are exactly what we
see in Apioideae. Pellmyr (1987) cited data on a large num-
ber of umbellifers as support for his predictions.
Brunet and Charlesworth (1995) have developed an
explicit, quantitative ESS (evolutionary stable strategy)
model that confirms and extends Pellmyr’s ideas. More sig-
nificantly, Brunet and Charlesworth (1995) showed that flo-
ral dichogamy alone is a sufficient condition for the evolution
of variation in sex allocation among sequentially blooming
flowers (or inflorescences) on the same plant. This conclu-
sion is supported by data on the protogynous apioid
Pseudocymopterus montanus, in which primary and sec-
ondary umbels differ significantly in sex expression
(Schlessman and Graceffa 2001, this paper) even though
they are equivalent in biomass (Schlessman and Graceffa
2001). If floral dichogamy is the primary cause of within plant
variation in sex expression, such variation should be espe-
cially marked when dichogamy is strong, and least evident
when dichogamy is weak or absent (Bell and Lindsey 1978,
Brunet and Charlesworth 1995). Bell (1971) and Bell and
Lindsey (1978) have reported observations that support this
prediction.
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In conclusion, we believe that viewing within plant varia-
tion in sex allocation as a consequence, rather than a cause,
of floral dichogamy is the most straightforward and best-sup-
ported hypothesis at this time. That leaves us with the repro-
ductive assurance and pollinator specialisation hypotheses
as alternative explanations for the evolution of protogyny.
These alternatives are not mutually exclusive, and at pres-
ent we cannot say which is more significant. More experi-
mental, population level, process-oriented studies are need-
ed. If possible, those investigations should be targeted on
representatives of protogynous and protandrous sister taxa
and complemented by broad comparative studies.
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I. Native to both New and Old Worlds: Protandrous
1. Angelica L. (110, 23, 18) stylopodium low-conic; petals white, pinkish, or purplish, perennial.
A. ampla A. Nelson, f.
A. arguta Nutt., f.
A. atropurpurea L., h.
A. breweri A. Gray, h.
A. canbyi J.M. Coult. & Rose, h.
A. dawsonii S. Watson, h.  
A. dentata (Chapman) J.M. Coult. & Rose, h.
A. genuflexa Nutt., h.
A. grayi (J.M. Coult. & Rose) J.M. Coult. & Rose, f.
A. hendersonii J.M. Coult. & Rose, h.
A. kingii (S. Watson) J.M. Coult. & Rose, h.
A. laurentia Fernald, h.
A. lucida L., h.
A. pinnata S. Watson, h.
A. scabrida Clokey & Mathias, h.
A. tomentosa S. Watson, h.
A. triquinata Michx., h.
A. venenosa (Greenway) Fernald, h.
2. Berula W.J.D. Koch (2, 1, 1) stylopodium conic; petals white; perennial. 
B. erecta (Huds.) Coville, h.
3. Bifora G.F.Hoffmann (3, 3, 1) stylopodium low-conic; flowers white; annual.  
B. americana (DC.) Benth. & Hook. f., f.
4. Cicuta L. (8, 5, 4) stylopodium depressed or low-conic; flowers white or greenish; perennial.  
C. bulbifera L., f.  
C. douglasii (DC.) J.M. Coult. & Rose, f.  
C. maculata L., f.  
C. virosa L., h.
5. Conioselinum Hoffm. (10, 4, 2) stylopodium conic; flowers white; perennial.  
C. chinense (L.) Britton, Stearns & Poggenb., h. 
C. scopulorum (A. Gray) J.M. Coult. & Rose, f.
6. Cryptotaenia DC. (6, 1, 1) stylopodium slender-conic; petals white; perennial.  
C. canadensis (L.) DC., h.
7. Glehnia F. Schmidt ex Miquel (2, 1, 1) stylopodium lacking; petals white; perennial.  
G. leiocarpa Mathias, h.
8. Heracleum L. (65, 3, 1) stylopodium conic; petals white; perennial or biennial.  
H. maximum, W. Bartram, f.
9. Ligusticum L. (40–50, 11, 10) stylopodium low-conic; petals white or pinkish; perennial.  
L. apiifolium (Nutt. ex Torr. & A. Gray) A. Gray, h.  
L. californicum J.M. Coult. & Rose, h.  
L. canadense (L.) Britton, h.  
L. canbyi J.M. Coult. & Rose, h.  
L. filicinum S. Watson, h.  
L. grayi J.M. Coult. & Rose, h.  
L. porteri J.M. Coult. & Rose, f.
L. scothicum L., h.  
L. tenuifolium S. Watson, h.  
L. verticillatum (Hook.) J.M. Coult. & Rose, h.
10. Osmorhiza Raf. (10, 8, 6) stylopodium conic; petals white, purple or greenish-yellow; perennial.  
O. brachypoda Torr., h;  
O. claytonii (Michx.) C.R. Clarke, h;  
O. depauperata Phil., f., autogamous (Schlessman, personal observations)  
O. longistylis (Torr.) DC., h.
O. mexicana Griseb., h; 
O. occidentalis (Nutt. ex Torr. & A. Gray) Torr., h.  
11. Sium L. (14, 2, 1) stylopodium depressed or rarely conic; petals white; perennial.  
S. suave Walter, f.
II. Endemic to North America North of Mexico: protandrous
1. Daucosma Engelm. & A. A. Gray ex A.A. Gray (1, 1, 1) stylopodium conic, petals white, annual.  
D. laciniatum Engelm. & A. Gray, h.
Appendix: Intrafloral dichogamy of Apioidae native to North America. For each genus, the total number of species, the number of species
native to North America, and the number of species for which dichogamy was determined are given in parentheses. We determined
dichogamy from both field and herbarium observations (f), or from herbarium specimens only (h)
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2. Eurytaenia Torr. & A. Gray (2, 2, 2) stylopodium depressed; petals white; annual.  
E. hinkleyi Mathias & Constance, h.  
E. texana Torr. & A. Gray, h.
3. Limnosciadium Mathias & Constance (2, 2, 2) stylopodium conic; petals white; annual.  
L. pinnatum (DC.) Mathias & Constance, h.  
L. pumilum (Englem. & A. Gray) Mathias & Constance, h.
4. Oxypolis Raf.(7, 6, 6) stylopodium conic; petals white or purple; perennial.  
O. fendleri (A. Gray) A. Heller, f.  
O. filiformis (Walter) Britt., h.  
O. greenmanii Mathias & Constance, f.  
O. occidentalis J.M. Coult. & Rose, h. 
O. rigidor (L.) Raf., h.  
O. ternata (Nutt.) A. Heller, h.
5. Perideridia Rchb. (13, 13, 13) stylopodium conic or low-conic; petals white or pink; perennial.  
P. americana (Nutt.) Rchb. ex Steud., h.  
P. bacigalupii T.I. Chuang & Constance, h.  
P. bolanderi (A. Gray) A. Nelson & J.F. Macbr., h.  
P. californica (Torr.) A. Nelson & J.F. Macbr., h.  
P. erythrorhiza (Piper) T.I. Chuang & Constance, h.  
P. gairdneri (Hook. & Arn.) Mathias, f.  
P. howellii (J.M. Coult. & Rose) Mathias, h.  
P. kellogii (A. Gray) Mathias, h.  
P. lemmonii (J.M. Coult. & Rose) Chuang & Constance, h.  
P. leptocarpa T.I. Chuang & Constance, h.  
P. oregana (S. Watson) Mathias, h.  
P. parishii (J.M. Coult. & Rose) A. Nelson & J.F. Macbr., h.  
P. pringlei (J.M. Coult. & Rose) A. Nelson & J.F. Macbr. , h.
6. Ptilimnium Raf. (5, 4, 4) stylopodium conic; petals white; annual.  
P. capillaceum (Michx.) Raf., h (autogamy reported by Bell 1971).  
P. costatum (Elliott) Raf., h.  
P. nodosum (Rose) Mathias, h.  
P. nuttallii (DC.) Britton, h.
7. Trepocarpus Nutt. ex DC (1,1,1) stylopodium conic; petals white; annual
T. aethusae Nutt. ex DC, h.
III. Endemic to North America north of Mexico (or to the New World*): protogynous
1. Aletes J.M. Coult. & Rose (15–20, 6, 4) stylopodium lacking; petals yellow; perennial.  
A. acaulis (Torr.) J.M. Coult. & Rose, h.  
A. anisatus (A. Gray) W.L. Theob. & Tseng, h.  
A. filifolius, Mathias, Constance & W.L. Theob.h.  
A. humilis J.M. Coult. & Rose, h.
2. Cymopterus Raf. (36, 36, 25) stylopodium lacking; petals white; yellow or purple;perennial.  
C. aboriginum M.E. Jones, h.  
C. acaulis (Pursh) Raf., h.  
C. bulbosus A. Nelson, h.  
C. cinerarius A. Gray, h.  
C. corrugatus M.E. Jones, h.  
C. deserticola Brandegee, h.  
C. duchensis M.E. Jones, h.  
C. glaucus Nutt., h.  
C. globosus S. Watson, h.  
C. ipabensis M.E. Jones, h.  
C. jonesii J.M. Coult. & Rose, h.  
C. longipes (S. Watson) J.M. Coult. & Rose, h.  
C. macrorhizus (Buck) J.M. Coult. & Rose, h.  
C. megacephalus M.E. Jones, h.  
C. montanus Nutt ex Torr. & A. Gray, h.  
C. multinervatus (J.M. Coult. & Rose) Tidestr., h.  
C. newberryi (S. Watson) M.E. Jones, h.  
C. nivalis S. Watson, h.  
C. panamintensis J.M. Coult. & Rose, h.  
C. planosus (Osterh.) Mathias, h.  
C. purpurascens (A. Gray) M.E. Jones, h.  
C. purpureus S. Watson, h.  
C. ripleyi Barneby, h.  
C. rosei M.E. Jones, h.  
C. williamsii R.L. Hartm. & Constance, h.
Appendix cont.
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3. Erigenia Nutt. (1, 1, 1) stylopodium lacking; petals white; perennial.  
E. bulbosa (Michx.) Nutt., h.
4. Harbouria J.M. Coult. & Rose (1, 1, 1) stylopodium lacking; petals yellow; perennial.  
H. trachyplerua (A. Gray) J.M. Coult. & Rose, h.
5. Lomatium Raf. (77, 77, 57) stylopodium lacking; petals yellow, white or purple; perennial.  
L. ambiguum (Nutt.) J.M. Coult. & Rose, f.  
L. bicolor (S. Watson) J.M. Coult. & Rose, f.  
L. bradshawii (Rose) Mathias & Constance, h.  
L. brandegei (J.M. Coult. & Rose) J.F. Macbr., f.  
L. californicum (Nutt.) Mathias & Constance, h.  
L. canbyi (J.M. Coult. & Rose) J.M. Coult. & Rose, f.  
L. caruifolium (Hook. & Arn.) J.M. Coult. & Rose, f.  
L. ciliolatum Jeps., h.  
L. columbianum Mathias & Constance, f.  
L. concinnum (Osterh.) Mathias, h.  
L. cous (S. Watson) J.M. Coult. & Rose, f.  
L. cusickii (S. Watson) J.M. Coult. & Rose, h.  
L. cuspidatum Mathias & Constance, f.  
L. dasycarpum (Torr. & A. Gray) J.M. Coult. & Rose, h.  
L. dissectum (Nutt.) Mathias & Constance, f.  
L. donellii J.M. Coult. & Rose, f.  
L. engelmannii Mathias, h.  
L. farinosum (Geyer ex Hook.) J.M. Coult. & Rose, f.  
L. foeniculaceum (Nutt.) J.M. Coult. & Rose, h.  
L. geyeri (S. Watson) J.M. Coult. & Rose, f.  
L. gormanii (Howell) J.M. Coult. & Rose, f.  
L. grayi J.M. Coult. & Rose, f.
L. hallii (S. Watson) J.M. Coult. & Rose, h.  
L. hendersonii (J.M. Coult. & Rose) J.M. Coult. & Rose, f.  
L. idahoense Mathias & Constance, h.  
L. juniperinum (M.E. Jones) J.M. Coult. & Rose, f.  
L. laevigatum (Nutt.) J.M. Coult. & Rose, h.  
L. macrocarpum (Hook. & Arn.) J.M. Coult. & Rose, h.  
L. marginatum (Benth.) J.M. Coult. & Rose, h.  
L. martendalei J.M. Coult. & Rose, f. 
L. minimum (Mathias) Mathias, h
L. minus (Rose ex Howell) Mathias & Constance, f.  
L. mohavense J.M. Coult. & Rose, h.  
L. nevadense (S. Watson) J.M. Coult. & Rose, h.  
L. nudicaule (Pursh) J.M. Coult. & Rose, f.  
L. orientale J.M. Coult. & Rose, h.  
L. piperi J.M. Coult. & Rose, f.  
L. quintuplex Schlessman & Constance, f.  
L. rollinsii Mathias & Constance, f.  
L. salmoniflorum (J.M. Coult. & Rose) Mathias & Constance, f.  
L. sandbergii (J.M. Coult. & Rose) J.M. Coult. & Rose, f.  
L. scabrum (J.M. Coult. & Rose) Mathias, h.  
L. serpentinum (M.E. Jones) Mathias, h.  
L. simplex (Nutt. ex S. Watson) J.F. Macbr., f.  
L. stebbinsii Schlessman & Constance, f.  
L. suksdorfii (S. Watson) J.M. Coult. & Rose, f.  
L. torreyi J.M. Coult. & Rose, h.  
L. tracyi Mathias & Constance, h.  
L. triternatum (Pursh) J.M. Coult. & Rose, f.  
L. tuberosum Hoover, f.  
L. utriculatum (Nutt.) J.M. Coult. & Rose, f. 
L. vaginatum J.M. Coult. & Rose, f.  
L. watsonii (J.M. Coult. & Rose) J.M. Coult. & Rose, f.
6. Musineon* Raf. (4, 4, 4) stylopodium lacking; petals white or yellow; perennial.  
M. divaricatum (Pursh)  Nutt. ex Torr. & A. Gray, h.
M. lineare (Rydb.) Mathias, h.  
M. tenuifolium Nutt. ex Torr. & A. Gray, h.  
M. vaginatum Rydb., h.
7. Neoparrya Mathias (2, 1, 1) stylopodium lacking; petal color unkown; perennial.
N. lithophila Mathias, f.
8. Oreonana Jepson (3, 3, 1) stylopodium lacking, petals white or purplish, perennial.  
O. purpurascens Shevock & Constance, h.
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9. Oreoxis Raf. (4, 4, 3) stylopodium lacking; petals yellow or white; perennial.  
O. alpina A. Gray (J.M. Coult. & Rose), f.  
O. bakeri J.M. Coult. & Rose, h.  
O. humilis Raf. ex Ser., h.
10. Orogenia S. Watson (2, 2, 2) stylopodium lacking; petals white; perennial.  
O. fusiformis S. Watson, h.  
O. linearifolia S. Watson, f.
11. Podistera S. Watson (4, 4, 3) stylopodium conic; petals yellow or purple; perennial.  
P. eastwoodae (J.M. Coult. & Rose) Mathias & Constance, f.  
P. macounii (J.M. Coult. & Rose) Mathias & Constance, h.  
P. nevadensis (A. Gray) S. Watson, h.
12. Polytaenia DC. (2, 2, 2) stylopodium lacking; petals yellow; perennial.  
P. nuttallii DC., f. 
P. texana (J.M. Coult. & Rose) Mathias & Constance, f.
13. Pseudocymopterus J.M. Coult. & Rose (7, 2, 2) stylopodium lacking; petals yellow or purple; perennial.  
P. longiradiatus Mathias, Constance & Theob., h.  
P. montanus (A. Gray) J.M. Coult. & Rose, f.
14. Pteryxia (Nutt. ex Torr. & A. Gray) J.M. Coult. & Rose (5, 4, 2) protogynous; stylopodium lacking; petals yellow; whitish or purple, perennial
P. petraea (M.E. Jones) J.M. Coult. & Rose, h.
P. terebenthina (Hook.) J.M. Coult. & Rose, f.
15. Shoshonea Evert & Constance (1, 1, 1) protogynous; stylopodium lacking; perennial.  
S. pulvinata Evert & Constance, h.
16. Taenidia* (Torr. & A. Gray) Drude (1, 1, 1) protogynous; stylopodium lacking; petals yellow; perennial.  
T. integerrima (L.) Drude, h.
17. Tauschia* Schltdl. (31, 10, 8) protogynous; stylopodium lacking; petals yellow, white or purplish; perennial.  
T. glauca (J.M. Coult. & Rose) Mathias & Constance, h.  
T. hooveri Mathias & Constance, f.  
T. kellogii (A. Gray) J.M. Coult. & Rose, h.  
T. parishii (J.M. Coult. & Rose) J.F. Macbr., h.  
T. stricklandii (J.M. Coult. & Rose) Mathias & Constance. f.  
T. tenuissima (Hook.) Mathias & Constance, f.  
T. texana (A. Gray) J.M. Coult. & Rose, f.
18. Thaspium Nutt. (3, 3, 3) stylopodium lacking; petals yellow or purple; perennial.  
T. barbinode (Michx.) Nutt., h.  
T. trifoliatum (L.) A. Gray, h.
19. Zizia W.J.D. Koch. (4, 3, 3) stylopodium lacking; petals yellow; perennial.  
Z. aptura (A. Gray) Fernald, h.  
Z. aurea (L) W.J.D. Koch, h.  
Z. trifoliata (Michx.) Fernald, h.
IV. Native to North America North of Mexico, Dichogamy undetermined
A. Native to both Old and New Worlds
1. Cnidium Cusson (4–5, 1, 0) 
2. Lilaeopsis Greene (25, 5, 0)
3. Spermolepis Raf. (4, 4, 0)
4. Tilingia Regel & Tiling (3,1, 0)
5. Torilis Adans.(15, 5, 0)
B. Endemic to New World
6. Apiastrum Nutt. ex Torr. & A. Gray (2, 1, 0)
7. Cynosciadium DC. (2, 1, 0)
8. Rhysopterus J.M. Coult. & Rose (3, 3, 0)
9. Sphenosciadium A. Gray (1–2, 1, 0)
10. Yabea Koso–Pol. (1, 1, 0)
11. Pseudotaenidia Mackenzie (1,1,0)
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